In this paper, we argue for an infrastructure responsible for assigning and managing unique identifiers for entities in the semantic web, and we propose a conceptual model for the storage and management of these entities.
Introduction
One of the major problems that have emerged in the Semantic Web (SW) effort is the problem of uniquely identifying entities [3] . Entities play a major role for the SW since they represent the atomic objects of reference and reasoning. Nevertheless, we currently face the problem of identifying and referencing these entities, since different users, or systems, assign different identifiers to the same real-world entities. Along with the problem of assigning global identifiers to entities in the semantic web also come the problems of managing these identifiers throughout the entire lifetime of the entities. Giving efficient solutions to the above issues is the goal of the OKKAM Entity Name System (ENS) [4] , a web-scale system for assigning and managing unique, global identifiers to entities in the WWW.
In this study, we focus on the problem of how to efficiently and effectively represent an entity in the context of such a system, and propose a flexible representation model to that effect. We also perform a systematic study about the description of entities, and propose guidelines that can improve the representation and matching of entities through the use of default (i.e., suggested) attributes.
Background
The overall goal of the ENS is to handle the process of assigning and managing unique identifiers for entities in the WWW. These identifiers are global, with the purpose of consistently identifying a specific entity across system boundaries, regardless of the place in which references to this entity may appear.
The ENS has a repository for storing entity identifiers along with some small amount of descriptive information for each entity. The purpose of storing this information is to use it for discriminating among entities, not exhaustively describing them. Entities are described by a number of attribute-value pairs, where the attribute names and the potential values are user-defined (arbitrary) strings.
Clients, human users or applications, may inquire about the identifier of an entity by providing a set of attributes that describes this entity. If the entity exists in the repository, the system returns its identifier. Clients may also modify the state of the repository, either by inserting a new entity in the system, in which case the ENS returns the newly assigned identifier.
Entity Representation

Entity Representation Conceptual Model
We now present the conceptual model for entity representation in the ENS (for more details refer to [1] ).
In the ENS, we represent an entity E as a tuple E =< oid, EQoid, Aid, prid, D, M E >. An entity is identified by an entity identifier,oid, assigned by the system, by a set of equivalent ENS entity identifiers, EQoid), by a set of alternative ids, Aid that other systems have assigned to the same entity and finally by a preferred id, prid that usually corresponds to the oid.
The descriptive part of the model, D, contains all the information that describes the entity: the semantic type of the entity, t, the set of attributes describing the characteristics of the entity, A, and the set of external references that refer to this entity, R. Finally, the model contains a set of metadata for the entity, M E , that include statistical metadata, provenance metadata and access control metadata. We note that our goal is to keep the entity representation model as simple and general as possible, without imposing a fixed schema of entity types and attributes.
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Defining Default Attributes: a Bottom-Up Approach
Although in the ENS there is no fixed schema of entity types and attributes to be used for describing entities, we aim to encourage some homogeneity in the description of entity profiles. For this purpose we attempt to encourage the clustering of entities into a small set of types and provide suggestions for the corresponding descriptions by means of a default set of attributes for each entity type. By following this approach we hope to improve the functionality of the system, guiding the selection of specialized entity matching algorithms and improving the matching process, by clustering attributes that convey overlapping information and reducing the number of attributes to consider. In order to derive such a default schema we decided to adopt a bottom-up approach, performing an experiment as follows.
Methodology: The first step in the experiment was to select an appropriate collection of top-level categories to use as a test-bed on which to perform the experimental investigation. In order to obtain a reasonably exhaustive, but at the same time limited, set of categories we adopted a top-down approach. A detailed analysis of the procedure is reported in [2] . At the end of our analysis we identified the following six top-level categories: Person, Organization, Event, Artifact, Location, and Other.
After establishing the top level categories for our study, we conducted a user-study. Our aim was to investigate which attributes are more frequently reported by people when describing the selected entity types, and to derive lists of default attributes for those entity types.
In order to get subjects to generate a set of representative attributes, we adopted the feature-listing task paradigm. Following this paradigm, we asked subjects (353 participants) to produce lists of attributes they think relevant to identify uniquely members of our categories. Since our top level categories were at a high level of abstraction, we decided to introduce a certain number of subcategories for each of them in addition to the simple top-level category (named "neutral category"). For example, for the category Location we introduced the following subcategories: Tourist location, City, Shop, Hotel and Restaurant. By means of this expedient we could identify a core set of attributes shared by the different subcategories within the same top-level category.
Measures and Results: The problem of suggesting descriptions for types of entities at a high level of abstraction corresponds to identifying a set of general attributes used by subjects across the subcategories of the same top-level category. When aggregating the data from these subcategories, we require a measure to evaluate the importance of an attribute f for the top-level category c.
To this purpose we introduced a new measure that we name Rank-based Measure of Dominance (Ψ):
This measure results from the combination of three components. The first component is the dominance, φ(c, f ), and corresponds to the number of subjects that reported the attribute f for the category c. The second component is the local sharedness, ψ l (f ), and quantifies the level of sharing of an attribute f across a collection of subcategories. Finally, the last component, w(c, f ), is a factor (ranging from 0 to 1) that adds the information concerning the position that an attribute f occupies in the lists reported by participants. Applying this measure to our data, we obtained the list of default attributes for our top-level categories. Just to make an example, for the category Person we obtained the following attributes: name, age, gender, surname, birthday.
We envision at least two main uses of the default attributes, obtained by our study.
One possible application is the suggestion of a default schema for adding new entities in the system. Client applications can be designed to give the user a selection of our top-level categories with the corresponding list of default attributes (that the user can select or extend).
A second application is entity disambiguation. The presence of an attribute highly specific for an entity type in the new entity description (i.e., "surname" for the category Person), can address entity matching to entities of that type.
Conclusions
In this paper, we argue for an entity name system, where unique identifiers for entities are assigned and managed. We propose a flexible model for entity representation, as well as a technique for enhancing its quality, and describe how the proposed approach can help achieve the overall goals of the system.
